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Introduction:

Internal displacement reactions in multi-component Oxides:
» Redox reaction inside an oxide matrix.

A (meta)) + (B,C,...)O (oxide) = “B” (meta) + “(A,C,...)O” (oxide)
( No published studies )

» Internal displacement reaction inside a metal matrix

Nickel matrix: 3 MoO, +4 Cr=2 Cr,O; + 3 Mo

(Shook, Rapp & Hirth, Met.Trans., v.16A, 1985)

Related internal reactions:

» Internal Oxidation / Reduction in a matrix

(A,C)O reduction - AO (matrix) + C (ppt)

H.Schmalzried & M.Backhaus-Riccoult,
Prog.Solid St.Chem., v.22, 1993



Internal displacement reactions:

OXIDE MATRIX :

(a) Oxide “line” compounds of narrow composition width:

A+ BCO — “B”+ “ACO 3

m+n m-+n
[ Oxide line Compound = Ratio, (B:C) = (A:C) = {(A+B):C} = constant ]

(b) Oxide solid solutions of wide composition range:
xA+ (B,C,,)0= x“B” +“A,C.)O"

[ X = wide range of values ]
Common features:
» Cation exchange reaction (B - A) and
precipitation of B in oxide matrix.

» Cis “inert” for cation exchange reaction.
» No change in Oxide crystal structure.

» Concentration gradients in product phases

» Oxygen sub-lattice is rigid: D iion > Do

( Oxide is an electronic conductor = t, = 1)



Reactions in an oxide “line” compound

A (meta) ¥ BCO, ., (oxide) = “B”’ (meta) + “ACO__, " (oxide)

“line” compound = (A:C) = (B:C) = {(A+B):C} =constant}
—> separate sublattice for (A,B) & C

AGY(CO,) << AGY(AO, ) < AG(BO,)
AGY(ACO,,.) < AGY(BCO,.,)
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Fig.1. Oxides system for internal displacement reaction
between a metal and an oxide “line” compound.




Displacement reaction in ilmenite structure:

Fe + NiTiO; = “Ni” + “FeTiO,”
AGO, 75« = - 66 kJ /mole

OXIDE: Ilmenite Structure - derivative of Corundum ;
Alternating sheets of Ni?*/Fe?* and Ti%*
(two seperate cation sublattice)
(Ni,Fe)TiO, Solid Solution; Ratio, (Ni+Fe):Ti = 1:1

( Point defects & Diffusion in Iimenite at reaction T: No data )
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Fig.8. Reaction between Fe and single crystal NiTiO; at 1273 K
and 25 hours; bright phase: y-(Ni,Fe)alloy; gray phase: (Fe,Ni)TiO;
dark spots: porosity. (a) complete reaction zone; (b) region near
Fe / boundary; (c) region near reaction front.

Periodic precipitation of y — (Ni,Fe) alloy ;
Liesegang phenomenon {(x,+AX,)/X, = X,+/X, = k }?
= Linear increase of spacing with band number ?
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Fig.10. EPMA analysis of Oxide Composition in the product
zone for the reaction between Fe and single crystal NiTiO; at
1273 K ; time = 49 hrs.(Note: EPMA points deviate from ilmenite
composition by about 6% --due to machine calibration;

the lines are drawn for eye recognition purpose only)



Internal displacement reaction in an oxide solid solution:

X A (metal) + (B,C,_,)O (oxide) = X “B” (metal) + “(A,C,,)O” (oxide)

(A,B,C)O --- solid solution in the entire composition range.

A,B,C --- Occupy the same cation sub-lattice.

C --- “Inert” for cation exchange ; AG%, << AG%,, < AG%,
A [ boundary (1) Reaction front (ll)
High p, Low u,
Low pg High pg
Low p = - = ? High p
e = ?02 V“‘C £y JC g e = ?02

Reaction path?

AO BO

Ja = - LaaVia = LagVHg — LacVie
Jg = - LagVha = LgaVig — LacVie
Jo = -LacVua—LgcVig - LecVie




At boundaries (l) & (ll):
He = Heo — Moz 5 Moz (1) < poz (1)

A | (A-B)+(A,B,C)O (B,C,.)O

(1)

At constant T and p,
Lines of constant p.

AO BO

For a given x in the starting oxide:

(a)and (b) : pgo (1) 2 peo (1)
= ucl) > ue (i

(C): teo (1) < peo (1)
however, in most cases: | Apg, | > | Apggl
and g () > K ()

Net result : J. = Reaction front {boundary (II)}
(“up-hill” diffusion of C)

After timet: N., at boundary (I) < (1-Xx);

Nco at boundary (Il) > (1- x)




Model reactions in oxide solid solutions:
X Fe + (NiX Mgl_x)O = X “Ni” + “(Fex Mgl_x)O”

x Fe + (Co, Mg,,)O = x “Co” + “(Fe,Mg,,)O”
Point defect structure in Oxide: Cation Vacancies, V= f (X, py2, T)

MgO

(Ni,Mg)O --- “Raoultian”

(Fe,Mg)O — positive
Deviation from “Raoultian”

(Co,Mg)O --- nearly “Raoultian”
--- small positive

deviation ?
H Fe (I) > I Fe (")
u Mg (I) > 1 Mg (")
L () < pp (D
Boundary () Pzl < Ho2 (D | Boundary (i
Fe (NiXMgl-X)O
or
(COXMgl-X)O

“Up-hill” diffusion of Mg.

Gradient in (Fe?* / Fe3*) ratio = effecton J., ?



Fe + (Ni, Mg, )O = “Ni” + “(Fe, Mg, )O
T=1273 K
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Fig.8. Cross sectional view of the reaction zone between Fe and
(Ni Mg, )O at 1273 K. (a) x =0.7,t =12 h; (b) x=0.5,t =9 h;
(©)x=0.3,t=25h; (d)x=0.2,t=49 h.



Fe + (Co,- Mg, )0 = “Co” + “(Fe,; Mg, ;)O

T=1273 K

(Co-Fe)
+

W5 (Fe,Co,Mg)O

Fe
Fig 9. Displacement reaction between Fe and (Co, Mg, ;)O at

1273 K. (a) 16 hrs; (b) 62 hrs.

Is the precipitation “periodic” for reactions in
Single Crystal Oxide Solid Solutions ?
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Fig.9. Composition of the product phases for the internal
displacement reaction between Fe and (Co,.Fe,.)O at
1273 K and 62 hrs. (Lines are for eye-recognition only)



Reaction in solid solutions of “line” compounds:
Fe + (Niy s Mg, )TiO; = “Ni” + “(Fe, 5 Mg, ;)TiO;”
( “Inert” cations: Mg & Ti)

Cation sub-lattice(i) : Ni, Mg & Fe limenite structure
Cation sub-lattice(ii) : Ti (Fe+Ni+Mg):Ti =1:1

Net Cation flux:
Jre » Jug 2 reaction front; Jy; > Fe/boundary; J;=0
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Fig.8. EPMA analysis of product oxide composition for the reaction
between Fe and (NiysMg,5)TiO; .T = 1273 K ; time = 100 hrs.

(lines are for eye recognition only)



Summary
(i) Oxide “line” compounds of narrow composition width:

Model reaction: Fe + NiTiO; = “Ni” + “FeTiO,”

--- periodic precipitate of (Ni-Fe) alloy ; Gradients in N, & N,; .

--- Product oxide, “FeTiO;” : ( FeTiO;— NiTiO;) solid solution.
Gradients in Ng, & Ny;. (Ni+Fe) : Ti = 1:1

--- Net cation flux in product oxide:

Je.2 reaction front; J,; > Fe/boundary; J;=0.

(if) Oxide solid solutions of wide composition range:

Model Reactions: Fe + (Ni,Mg, )O = “Ni” + “(Fe,Mg,,)O”
Fe + (Co,Mg,,)O =“Co” + “(Fe,Mg,_,)O

--- “Ni” = (Ni-Fe) ; “Co” = (Co-Fe) ; Composition gradients.
--- “(Fe, Mg, ,)O” : (Fe,Mg,Ni or Co)O solid solution.

--- Net Cation Flux: J._, JMg - reaction front ;
Jniorco 2 Fe / boundary ;

* Internal displacement reactions are useful to synthesize
Metal-ceramic composites with unique structures.

* Only qualitative nature of diffusion in oxides can be
obtained from a study of these reactions.





